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REMARKS 

In response to the outstanding Office Action, claims 3, 10, 
13, 22, 24, 32, 34, 36 and 45 have been amended, claims 23 and 33 
have been canceled and new claims 47-57 have been added. 

In the outstanding Office Action, the Examiner states that 
the reissue oath/declaration filed with the application is 
defective because it fails to identify at least one error which 
is relied upon to support the reissue application. The Examiner 
has also indicated that the reissue oath/declaration filed with 
the application is defective in that is fails to contain a 
statement that all errors that are being corrected in the reissue 
application arose without any deceptive intention on the part of 
the applicant. Enclosed herewith is an additional copy of the 
Reissue Application Declaration by the Inventor, as submitted 
concurrently with the application, with the relevant portions 
highlighted, indicating that both of these requirements were 
satisfied. It is respectfully requested that the rejection of 
the claims under 35 U.S.C. §251 be withdrawn. 

Also in the outstanding Office Action, the Examiner 
indicates that the application was filed without the required 
offer to surrender the original patent. Enclosed herewith is a 
copy of the Offer to Surrender Patent by Assignee, as submitted 
concurrently with the application, as well as a copy of the 
return postcard indicating that the Offer to Surrender was 
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contained in the application package which was received by the 
Patent Office on February 8, 2 001. 

The examiner objected to the drawings, stating that the 
integrated circuit must be shown or the feature (s) canceled from 
the claim (s) . However the examiner's attention is directed to 
the patent specification, column 2, lines 25-29, wherein it is 
stated: 

"Also, as shown in the figure, the input voltage 
Vin is provided through resistor Rf to provide an 
analog voltage V for powering the analog devices in the 
integrated circuit, more specifically the circuit 
components within the heavier line in FIG. 2 encircling 
the elements of the integrated circuit itself . " 
( empha s i s added ) 

Consequently, it is submitted that the integrated circuit is 
shown in the Figures. Accordingly, reconsideration of this 
objection is respectfully requested. 

Submitted concurrently herewith are an Information 
Disclosure Statement, Form PTO/SB/08 and copies of cited 
references, with the appropriate fee, providing additional 
relevant prior art that has come to the attention of the 
applicant. Consideration of the references cited is respectfully 
requested. In addition, because of uncertainty in the 
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requirement, the Information Disclosure Statement includes art 
made of record in the original patent . 

As the Examiner's Interview Summary shows, the undersigned 
held a telephonic interview with the Examiner on September 18, 
2001 to discuss the independent claims in the application and the 
prior art relied upon by the Examiner, specifically, U.S. Patent 
No. 4,371,919 by Andrews et al . As the Examiner ! s Interview 
Summary indicates, the interview centered on the interleaved 
feature of the present invention in comparison to Andrews et al . 
In particular, the undersigned pointed out that in Andrews et 
al . , multiple converters operate in parallel into a common load, 
the disclosure including a provision for distribution of the load 
evenly among the parallel converters. The converters themselves, 
however, each operate off their own RC timing circuit. In 
particular, Figure 3 of Andrews et al . of shows three converter 
circuits 131, 132 and 133 operating into a common node 104. 
Converter circuit 131 is shown in some detail, with additional 
converter circuits 132 and 133 shown only in a simple block form. 
Each converter circuit, such as converter circuit 131, has its 
own timing circuit comprised of resistor 54 and capacitor 56 
(col. 3, starting on line 15), so that each converter circuit 
will operate at its own frequency without any synchronization 
between converter circuits, and of course therefore without any 
specific interleaving of the converter circuits. Consequently, 
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there is no fixed phase of operation between the converter 
circuits . 

In the present invention, the operation of the converter 
circuits is intentionally synchronized so that the operation of 
the converter circuits is always interleaved, giving rise to 
various advantages, including reduced noise, reduced filtering 
requirements on the input and output of the converter, etc. In 
that regard, it was noted that in the two converter embodiment 
disclosed in the patent for which a reissue is sought, the two 
converters operate from a common clock (see the clock in Figure 
2c of the patent) , with the two converters being triggered out of 
phase with each other by the Q and the QB output of flip-flop 92. 

In the interview with the Examiner, among the claims 
discussed in some detail was claim 1. It was pointed out that 
the interleaved nature of the converter circuit was expressly set 
forth in the preamble of the claim. In addition, however, the 
interleaved nature of the operation of the converters is also 
required in the body of the claim by the nature of the control 
circuits set forth therein. In particular, claim 1 includes the 
following limitation : 

"the control circuits also being responsive to the 
difference in the voltage across the sense resistor 
when the first converter is drawing power from the 
power supply through the sense resistor and the second 
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converter is not, and when the second converter is 


drawing power from the power supply through the sense 


resistor and the first converter is not, to adjust the 


relative duty cycle of the first and second converters 


to tend to minimize the difference in the voltage 


across the sense resistor" 

Inherent in this limitation is the interleaving referred to in 
the preamble. Accordingly, reconsideration of this rejection was 
and is requested . 

Claim 10 was also discussed in the interview. As a result 
of that discussion, the undersigned has amended the claim to 
better set forth the interleaving claimed. 

Amended claim 22 was also discussed, the undersigned 
pointing out that the body of the claim expressly requires "a 
plurality of pulse width modulators driven by a common oscillator 
in an interleaved manner" and "whereby the operation of the 
converter circuits is interleaved." Thus, the DC to DC switching 
circuit claimed is expressly limited to a plurality of pulse 
width modulators driven by a common oscillator (Andrews et al . 
discloses a separate oscillator for each converter) to provide 
interleaved operation of the pulse width modulators, and thus the 
converter circuits (Andrews et al . has parallel operation but not 
interleaved operation) . It was also pointed out that the 
remaining independent claims also contain the express limitations 
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with respect to interleaving. Accordingly, reconsideration of 
the rejection of. claims 1, 2, 9, 10 as now amended, 11, 12, 19- 
22, 30-32, 34 and 42-46 is respectfully requested. 

In addition, new claims 47-50 have been added to claim the 
general invention in alternate terminology. Also, new claims 51- 
57 have been added which claim the same subject matter as claims 
22, 32 and 46-50, respectively, though are expressly limited to 
buck converters. For the same reasons as set forth with respect 
to the other independent claims, it is believed that these claims 
are also allowable. 

Accordingly, it is believed that all claims in the case are 
now in condition for allowance and therefore allowance at an 
early date is respectfully requested. 
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Version with Markings to Show Changes Made 

In the Claims : 

if 3^ (Amended)^ The DC to DC switching circuit of claim 1 

2\ further comprised ofi an integrator having an output responsive to 

3 the integral of an error signal, the error signal being 

4 responsive to the volcage across the common load and a desired 

5 voltage, the control circuits also being responsive to the output 

6 of the integrator. \ 


1 10. (Amended) DC to DC switching circuit for controlling 

power switching devices in a DC to DC converter having first and 

3 second [interleaved] converter circuits operating into a common 

4 load comprising: / 

5 a first pulse wid^h^odu4;a±^r controlling the power 

6 switching devices of the\firs£ converter circuit; 

7 a second pulse width Vodulator controlling the power 

8 switching devices of the^ second/ converter circuit; 

9 a feedback circuit responsive to the voltage across the 

10 common load; / 

11 control circuits for controlling the first and second pulse 

12 width modulators responsive to the feedback circuit , the 

13 operation pf the first and second pulse width modulators being 

14 interleaved; 


Atty Docket No. 055123. P086R 
App. No. 09/781,120 


-30- 


RWB/jc 

Filed February 8, 2001 


the control circuits also being responsive to the difference 
in current through the first converter and the second converter 
to adjust the relative duty cycle of the &irst and second 
converters to tend to minimize the difference i n the voltage 
across a [the] sense resistor; 

[the current sense circuit^] the first pulse width 
modulator, the second pulse/width modulator, the feedback circuit 
and the control circuits/being in a single integrated circuit. 


13. (Amended) ffhe DC to DC switching circuit of claim 12 
further comprised of an integrator having an output responsive to 
the integral of an err©r signal, the error signal being 
responsive to the voltage across the common load and a desired 
voltage, the control circuits also being responsive to the output 
of the integrator. 



22. (Amended) A DC to DC switching circuit for controlling 
power switching devices in a DC to DC converter having a 
plurality of [interleaved] convert ep^circuits operating into a 

; r 

common load, comprising: ' 

a plurality of pulse vUfclth modulators driven by a common 



oscillator in an interleaved manner, each pulse width modulator 

: 7 

controlling power switching devices of one of the plurality of 
[interleaved] cqiwerter circuits , whereby the operation of the 
converter circuits is interleaved ; ^ 
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a feedback circuit responsive to a voltage acrges the common 
load; x 

a voltage control circuit [circuits] fo^/cont rolling the 
plurality of pulse width modulators /ffe^pon^ive to the feedback 
circuit and a commanded output voMiage/L and for adjusting a 
nominal duty cycle of the plurali/by/of interleaved converter 
circuits] ; and 

a current balance contap^l cir^uiJ>^for controlling the pulse 
width modulators to balajafce the current in the plurality of 
interleaved converte^/circuits ; 

the plurality of pulse width modulators and the control 
circuits beincfin a single integrated circuit. 


24. (Amended) The DC to DC switching circuit of claim 22 
further comprised of an integratoir having an output responsive to 
the integral of an error /siqp&L , the error signal being 
responsive to the voltagfe^ across Jzhe common load and a desired 
voltage, the controycircuits also being responsive to the output 
of the integrator^ 


32. (Amended) A DC to DC switchi 
power switching devices in a D{£ to 02 
plurality of [interleaved] coip^rt 
common load, comprising : 


g circuit for controlling 
converter having a 
circuits operating into a 
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12 
13 
14 
15 
16 
17 


a plurality of pulse width modulators each controlling power 
switching devices of one of the plurality of ^interleaved] 
converter circuits , the operation of the pj£Lse width modulators 
and the converter circuits being in terleaved ; 

a feedback circuit responsive tjzf a voltage across the common 

load; 

control circuits beifng responsive to the feedback circuit 
and a commanded output vj^l^age to coaitrol a nominal duty cycle of 

r circy^/ts, the control circuits also 
adjusting a relative/duty cycle of the plurality of converter 
circuits to balance the current in the converter circuits ; 

the plurality of pulse width modulators and the control 
circuits be:mg in a single integrated circuit. 


the plurality of convert 


1 / 34. (Amended) The DC t 

2 [33] wherein the control ci 


width modulators 



tching circuit of claim 32^ 
control the plurality of pulse 



36. (Amended) Th 

2 wherein the control ci 

3 output of the integrator. 


DC/xo DC switching circuit of claim 35, 
uits are also responsive to the 



(y * / 45. (Amended) A circuit 
2/ / plurality of [interleaved] co: 
3 common load, comprising: 
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a plurality of pulse width modulators each efontrolling power 
switching devices of one of the plurality of/[interleaved] 
converter circuits , the operation pf th^pulse width modulators 
being interleaved ; / / j 

control circuits for adjus^ng a/nominal duty cycle of the 
plurality of interleaved coptveVt^r circuits ; 

the plurality of jsrtilse width modulators and the control 
circuits being in/a single integrated circuit. 


47. (New) A DC to DC switching circuit: for controlling 
power switching devices in a DC to DC converter having a 
plurality of converter circuits operating into a common load, 
comprising : 

a plurality of pulse widtX modulators driven by a common 
oscillator in an interleaved manner, each pulse width modulator 
controlling power switching devices of one of the plurality of 
converter circuits, ^hereby the operation of the converter 
circuits is interleaved; 


a feedback/circuit responsive to a voltage across the common 


load; 

a voltage control circuit for controlling the plurality of 
pulse w/dth modulators responsive to the feedback circuit and a 
commanded output voltage; and 
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a current balance control circuit for controlling the pulse 
width modulators to balance the current in the plujrality of 
interleaved converter circuits. 


48. (New) A DC to DC switching circui/C for controlling 
power switching devices in a DC to DC cony£rter having a 
plurality of converter circuits operating into a common load, 
comprising : 

a plurality of pulse iWidth mocjalators each controlling power 
switching devices of one pf the plurality of interleaved 


converter circuits, the c 

peratj/on of the pulse width modulators 

and the converter circui 

;s b^ing interleaved; 

a feedback circuit 2 

responsive to a voltage across the common 

load; 

control circuits j/es 

sbonsive to the feedback circuit and a 

commanded output voltage 

t\ contrgi" a nominal duty cycle of the 


plurality of converter circuits, the control circuits also 
adjusting a relative duty cycle of the plurality of converter 
circuits to balance the current in the converter circuits. 


49. (ffew) A circuit for a DC to DC converter having a 
plurality /of converter circuits operating into a common load, 
comprising : 

</ plurality of pulse width modulators each controlling power 
switching devices of one of the plurality of converter circuits, 
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the pulse width modulators being driven by a common osci/lator 
signal so that the operation of the pulse width modulators is 
interleaved; 


control circuits for adjusting a nominal duty /cycle of the 
plurality of interleaved converter circuits to control a voltage 
on the common load, and for adjusting a relative duty cycle of 
the plurality of converter circuits_to balanc^e the current in the 
converter circuits . 


50. (New) A DC to DC switching cj/rcuit for controlling 

il a DC tc 


power switching devices 


;o DC /converter having first and 


second interleaved convert 

,er circuit^ 

3 operating into a common 

load, comprising: 



a first pulse width mbdulatpr controlling the power 
switching devices of the f i^st/converter ciycuit; 

a second pulse width mqAylator controlling the power 
switching devices of the ^^orid^b^nve-t^Cer circuit; 

a feedback circuit /responsive to the voltage across the 
common load; 


control circuits for controlling the first and second pulse 
width modulators yesponsive to the feedback circuit; 

the controy circuits also being responsive to current 
measurements through the first converter circuit and the second 
converter ciydrcuit for adjusting the relative duty cycle of the 
first and^econd converter circuits. 
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51. (New) A DC to DC switching circuit for Controlling 
power switching devices in a DC to DC converter leaving a 
plurality of buck converter circuits operating /into a common 
load, comprising: 

a plurality of pulse width modulators /driven by a common 
oscillator in an interleaved manner, eacly pulse width modulator 
controlling power switching deviog^' of pne of the plurality of 
buck converter circuits, whereby the ^operation of the buck 
converter circuits is interleaved; 


a feedback circuit respqnsivg to a voltage across the common 


load; 


pulse width modulators resp 


a voltage control circuit for controlling the plurality of 


V . 


sive to the feedback circuit and a 



commanded output voltage; /and N 

a current balance qontrol circuit for controlling the pulse 
width modulators to ba/ance the current in the plurality of 
interleaved buck converter circuits; 

the plurality /of pulse width modulators and the control 
circuits being ir/ a single integrated circuit. 


52. (Ne;w) A DC to DC switching circuit for controlling 
power switching devices in a DC to DC converter having a - 
plurality/of buck converter circuits operating into a common 
1 oad , cpmpr i s i ng : 


Atty Docket No. 055123. P086R 
App. No. 09/781,120 


-37- 


RWB/jc 

Filed February 8, 2 0 01 


5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


a plurality of pulse width modulators each controlling power 
switching devices of one of the plurality of buck converter 
circuits, the operation of the pulse width modulators and the 
buck converter circuits being interleaved; 

a feedback circuit responsive to a voltage across the common 

load; 

control circuits being responsive to/ the feedback circuit 
and a commanded output voltage ^o^ont^ol a nominal duty cycle of 
the plurality of buck converted: circudts, the control circuits 
also adjusting a relative dutf/ cycj/e of the plurality of buck 
converter circuits to balanc£ the/current in the buck converter 


16 cir cuits ; 
17 


the plurality of pulse width modulators and the control 


18 circuits being in a single /m\ e 9 rate d jzircuit 



53. (New) A DC t</ DC switching circuit for controlling 
power switching device^ in a DC to DC converter having first and 
second interleaved buck converter circuits operating into a 
common load, comprising: 

a first puls^ width modulator controlling the power 


switchinq devices of the first buck converter circuit; 

7 

a second /pulse width modulator controlling the power 
switching devices of the second buck converter circuit; 

a feedback circuit responsive to the voltage across the 
common load; 
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11 control circuits for controlling the first and second pulse 

12 width modulators responsive to the feedback circuit, 

13 the control circuits also being responsive to current 

14 measurements through the first buck converter circuit and the 

15 second buck converter circuit for adjusting thfe relative duty 

16 cycle of the first and second buck converter/ circuits; 

17 the first pulse width modulator, the /second pulse width 

18 modulator, the feedback circuit anq the /Control circuits being in 

19 a single integrated circuit. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


54. (New) A DC to DC swfitch/ng circuit for controlling 
power switching devices in a I?C tzo DC converter having a 
plurality of buck converter circuits operating into a common 
load, comprising: 

a plurality of pulse W/£dt\ mod^Zators driven by a common 
oscillator in an interleaved manner, each pulse width modulator 
controlling power switching devices of one of the plurality of 
buck converter circuitys, whereby the operation of the buck 
converter circuits ip interleaved; 

a feedback ciycuit responsive to a voltage across the common 

load; 

a voltage control circuit for controlling the plurality of 
pulse width modulators responsive to the feedback circuit and a 
commanded output voltage; and 
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15 a current balance control circuit for controlling yche pulse 

16 width modulators to balance the current in the plural/ty of 

17 interleaved buck converter circuits. 

1 ^ 55. (New) A DC to DC switching circuit fo£ controlling 

2 power switching devices in a DC to DC converter having a 

3 plurality of buck converter circuits operating into a common 

4 load, comprising: 

5 a plurality of pulse width modulators each controlling power 

6 switching devices of one of the/pl\a^a]/ity of interleaved buck 

7 converter circuits, the operation oy the pulse width modulators 

8 and the buck converter circuits b^lng interleaved; 

9 a feedback circuit respqnsi/ve to a voltage across the common 

10 load; 

11 control circuits respofl^ive to the, feedback circuit and a 

12 commanded output voltage t/o control / nominal duty cycle of the 

13 plurality of buck conveyxer circuits, the control circuits also 

14 adjusting a relative fluty cycle of the plurality of buck 

15 converter circuit s t/o bala nce the current in the buck converter 

16 circuits. 


1 56. (New/f A circuit for a DC to DC converter having a 

2 plurality of/buck converter circuits operating into a common 

3 load, comprising: 
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6 
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8 
9 
10 
11 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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12 
13 
14 


a plurality of pulse width modulators each controlling power 
switching devices of one of the plurality of buck coyiverter 
circuits, the pulse width modulators being driven yfey a common 
oscillator signal so that the operation of the pulse width 
modulators is interleaved; 


control circuits for adjusting a nominal duty cycle of the 
plurality of interleaved buck converter circuits to control a 
voltage on the common load, and for adjusting a relative duty 
cycle of the plurality of buck converter circuits to balance the 
current in the converter circuits./ 


57. (New) A DC to DC 

I switching circuit for controlling 

power switching devices in 

DC to DC converter having first and 

second interleaved buck cc^ 

lverter circuits operating into a 

common load, comprising/ 


a first pulse wic^h mo\ylatj2^ controlling the power 

switching devices off the first buck converter circuit; 


a second pul^e width modulator controlling the power 
switching device/6 of the second buck converter circuit; 

a feedback circuit responsive to the voltage across the 
common load; 

controQ. circuits for controlling the first and second pulse 
width modulators responsive to the feedback circuit; 

th^control circuits also being responsive to current 

/ 

measu/ements through the first buck converter circuit and the 
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econd buck converter circuit for 


isting the relative duty 


16 cycle of the first and second buqjA^priverter circuits 


Atty Docket No. 055123. P086R 
App. No. 09/781,120 


-42- 


RWB/jc 

Filed February 8, 2001 


CONCLUSION 

In view of the amendments and remarks made above, it is 
respectfully submitted that pending claims 1-22, 24-32 and 34-57 
are in condition for allowance, and such action is respectfully 
solicited. 


Dated: October 10, 2001 
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